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(54) Dynamic type memory having shared sense amplifiers 



(57) A DRAM includes memory blocks (1 0) in a form 
of division of shared sense amplifier configuration in 
which sub arrays (1 1) and sense amplifiers (12) serving 
as cache memories are alternately arranged in the X 
direction of a memory chip. The memory blocks are 
arranged in the Y direction. Data lines are formed in par- 
allel with the Y direction for the corresponding sub arrays, 
for transferring data held in the sense amplifiers corre- 
sponding to the sub arrays. I/O pads (16) are arranged 
in parallel with the X direction, for inputting/outputting 
data to/from the corresponding sub arrays via the data 
lines. When the shared sense amplifier configuration and 
sense amplifier cache system are achieved in a small 
area of the DRAM, the hit rate of the cache memories is 
increased, and data can be transferred at high speed by 
shortening data paths formed in the memory chip. 
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Description 

The present invention relates to a semiconductor 
memory device and, more specifically, to a dynamic type 
memory or a dynamic RAM (DRAM) capable of transfer- 5 
ring data at high speed through an input/output path. 

In a dynamic type memory, a divided cell array oper- 
ating system is employed, wherein a memory cell array 
is divided into a plurality of cell arrays (sub arrays) and 
some of the cell arrays are operated at the same time. 10 
This system makes it possible to reduce a charge/dis- 
charge current of bit lines which occupies a large part of 
the consumed current in an operation of rows. The 
number of sub arrays has a close relation to the operation 
speed of the memory. If each sub array is large in size, is 
the capacity of word lines is increased too much and thus 
the rise and fall speeds of the word lines are decreased. 
Since the capacity of bit lines is also increased too much, 
a difference in potential between a pair of bit lines is less- 
ened, and the speed at which the potential difference is 20 
amplified by a sense amplifier becomes slow, with the 
result that the operation speed of the entire memory is 
decreased. For this reason, as the memory is miniatur- 
ized and its capacity is increased, the number of sub 
arrays is likely to increase in order to reduce the 25 
charge/discharge current of the bit lines and then prevent 
the operation speed of the entire memory from lowering. 

A dynamic RAM (DRAM) is achieved at low cost as 
a memory which is employed in bulk in a computer sys- 
tem. In the field of computers, the operation speed of a 
microprocessor (MPU) is remarkably improved and thus 
becomes higher and higher than that of the DRAM. The 
improvement in speed of data transfer between the MPU 
and DRAM is an important factor in increasing the 
processing speed of the total computer system. Various 
improvements have been made to increase the data 
transfer speed, and a typical one of them is to adopt a 
high-speed memory or a cache memory. The memory, 
which is interposed between the MPU and the main 
memory to shorten the difference between the cycle time 
of the MPU and the access time of the main memory, 
improves in efficiency in use of the MPU. 

As examples of the cache memory, there are a static 
RAM (SRAM) of a chip separated from both a MPU chip 
and a DRAM chip, an SRAM called an on-chip cache 
memory or an embedded memory mounted on an MPU 
chip (an MPU chip mounted with a cache memory may 
have an SRAM cache memory of another chip), and an 
SRAM cell mounted on a DRAM chip. 

The technique of mounting a cache memory includ- 
ing SRAM cells on a DRAM chip, is disclosed in "A Circuit 
Design of Intelligent CDDRAM with Automatic Write 
Back Capability," 1990 Symposium on VLSI Circuits, 
Digest of Technical Papers, pp 79-80. According to this 
technique, an SRAM cell is added to each column of a 
DRAM using cells each having one transistor and one 
capacitor, and this SRAM cell is employed as a cache 
memory. Moreover, when data of an address to be 
accessed is not stored in the cache memory (mishit), the 



data of the cache memory is written back to a DRAM cell 
corresponding to the address, and then data stored in a 
DRAM cell of an address to be accessed are read out 
into the cache memory. This cache memory mounted 
DRAM can be employed together with a cache memory 
mounted MPU. 

The technique of using sense amplifiers of bit lines 
of a DRAM as cache memories is disclosed in Japanese 
Patent Application No. 3-41316 (Jpn. Pat. Appln. KOKAI 
Publication No. 4-212780) whose applicant is the same 
as that of the present application. A specific constitution 
of the cache memories and a specific control operation 
thereof are disclosed in Japanese Patent Application No. 
3-41315 whose applicant is also the same as that of the 
present application. 

Furthermore, Japanese Patent Application No. 4- 
1 31 095, the applicant of which is the same as that of the 
present application, proposes a DRAM wherein a mem- 
ory region is divided into a plurality of sub arrays, the sub 
arrays are operated independently of one another, and 
sense amplifiers of bit lines are employed as cache mem- 
ories, thereby enhancing the hit rate of the cache mem- 
ories. 

Since, in this DRAM, a sense amplifier holds data 
read out from a row corresponding to each of different 
addresses for each of the sub arrays, a hit possibility of 
requesting access to a selected row can be increased, 
and the average of data access time, which depends on 
both the hit possibility and mishit possibility of not 
30 requesting the access, can be reduced. 

A cache memory system using sense amplifiers will 
now be described in brief. Assume that a DRAM stands 
by for access from an MPU and, in this case, data read 
out from memory cells of a row address is latched in the 
35 sense amplifiers. 

If, there is access to the row address, data of whose 
memory cells is latched in the sense amplifiers (hit), the 
data can be output only by the operation of columns with- 
out that of rows, and access time necessary for the oper- 
40 ation of rows can be shortened accordingly. 

In contrast, if there is access to a row address, data 
of whose memory cells is not latched in the sense ampli- 
fiers (mishit), it is necessary that the data of the sense 
amplifiers is written back to the memory cells (or the 
45 sense amplifiers are equalized), and then data of a new 
row address be latched in the sense amplifiers. In this 
mishit case, the access time is much longer than when 
no cache memory system is employed. 

If the hit rate of the cache memories is low, the aver- 
so age access time of the system is lengthened. To increase 
the hit rate is therefore important for shortening the aver- 
age access time of the system. 

In order to enhance the foregoing hit rate, there is a 
first method of increasing the capacity of each of the 
55 cache memories or a second method of dividing the 
cache memories into some banks. 

If the first method is applied to the cache memory 
system using sense amplifiers, the sense amplifiers, 
which stand by for access while latching data, are 
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increased in number. Generally, as described above, a 
large-capacity memory performs partial activation of 
activating some of sub arrays at the same time and, in 
this case, no data is usually held in the sense amplifiers 
related to the sub arrays in which an operation of rows 5 
is not performed. If, however, these sense amplifiers are 
caused to latch data, the sense amplifiers standing by 
for access while latching data, can be increased in 
number, as can be the capacity of the cache memories, 
thereby enhancing the hit rate. w 

If the above second method is applied to the cache 
memory system using sense amplifiers, these sense 
amplifiers are divided into a plurality of banks. In a ver- 
satile DRAM, generally, the sense amplifiers related to a 
plurality of sub arrays operate simultaneously to perform is 
sensing, latching, and equalizing operations at the same 
timing, while the sense amplifiers related to the sub 
arrays in which an operation of rows is not performed, as 
described above, are allowed to stand by while latching 
data. The simultanecusly-operating sense amplifiers are 20 
called banks. In order to divide the sense amplifiers into 
banks for the purpose of increasing the hit rate of the 
cache memories, the following conditions are required: 

(1) Each bank has independent sense amplifiers. 25 

(2) The sense amplifiers of a bank, in which an oper- 
ation of rows is not performed, are able to continue 
latching data of the bank, irrespective of row 
addresses of the other banks. 

(3) Each bank includes data paths corresponding to 30 
all I/O pads since a specific bank is accessed to 
access a certain cache memory, whereas in a multi- 
bit DRAM, data has to be supplied from the 
accessed bank to the I/O pads at the same timing. 

35 

A shared sense amplifier configuration is known to 
reduce the area of a memory chip. In this system, as 
shown in FIG. 4, a sense amplifier 62 constituted of sens- 
ing NMOS transistors and restoring PMOS transistors is 
provided between two sub arrays 61 , and the two sub 40 
arrays 61 are selectively connected to the single sense 
amplifier 62 by controlling data transfer transistors in 
response to control signals Xferl and Xfer2, thereby 
time-divisionally using the single sense amplifier 62 by 
the two sub arrays 61 . 45 

The above shared sense amplifier configuration has 
been actually adopted in a large-capacity memory such 
as a 16-Mbit memory to decrease the chip area. The effi- 
ciency in configuration in this system will now be 
described with reference to schematic views of FIGS. 5 50 
and 6. 

The configuration shown in FIG. 5 is more efficient 
than that shown in FIG. 6. More specifically, since the 
configuration of FIG. 6 incluoes contiguous sense ampli- 
fiers 72, the number of sense amplifiers in FIG. 6 is larger 55 
than that of sense amplifiers in FIG. 5, with the result that 
the chip area is increased and the configuration effi- 
ciency is lowered. 
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If the cache memory system using the sense ampli- 
fiers is applied to the configuration shown in FIG. 5 to 
increase the capacity of the cache memory, the config- 
uration as shown in FIG. 7 is obtained. More specifically, 
half the sub arrays 71 (A, B, C) or 71 (a. b, c) are acti- 
vated, and data is latched by sense amplifiers 72 exclud- 
ing a sense amplifier at one end of the configuration in 
FIG. 7, thereby increasing the number of sense amplifi- 
ers which stand by for access while latching the data. 

In the shared sense amplriier configuration shown in 
FIG. 7, however, the sub arrays A and a cannot be 
divided into different banks since the foregoing condition 
(1) is not satisfied, nor can be the sub arrays a and B 
since they share a sense amplifier with each other and 
thus the condition (1) is not satisfied. It is thus understood 
that in the shared sense amplifier configuration as shown 
in FIG. 7, the sub arrays cannot be divided into banks. 

In other words, the sub arrays have to be separate 
in order to group the sub arrays into banks in the shared 
sense amplifier configuration. This lessens the effect of 
reduction in chip area due to high configuration efficiency 
which is advantageous to the shared sense amplifier 
configuration. 

If an array is divided into sub arrays in its lateral 
direction, as in the conventional case, and the sub arrays 
are separate to group the sub arrays into two banks 1 
and 2. a shared sense amplifier configuration shown in 
FIG. 8 is obtained. 

The configuration shown in FIG. 8 employs a vertical 
surface mounting package (VSMP) in which all I/O pads 
76 for inputting/outputting data having bit number corre- 
sponding to a bit configuration are coilectiyely provided 
on one side of the array of the sub arrays and vertically 
mounted on a memory chip mounting printed circuit 
board. By using tne VSMP, a lead frame inside the pack- 
age and wires on the circuit board can be shortened and 
thus data can be transferred at high speed. 

In the configuration shown in FIG. 8, data lines 73 
are provided vor each of sub arrays 71 and connected to 
a data buffer (DQ buffer) 74 corresponding to each of the 
sub arrays. Each multiplexer (MPX) 75 is connected to 
corresponding data buffers 74 of the banks 1 and 2. The 
number of multiplexers 75 is equal to that of I/O pads 76. 

If the configuration shown in FIG. 8 becomes larger 
and larger, both the sub arrays 71 and sense amplifiers 
72 are increased in number. This may cause a problem, 
taking into consideration that the sub arrays are likely to 
increase in number as the DRAM increases in capacity 
as described above. The problem is that data paths for 
connecting the DQ buffers 74 and multiplexers 75 are 
lengthened thereby to prevent data from being trans- 
ferred at high speed in the memory chip. 

As described above, the conventional DRAM has 
the problem wherein a long data path prevents high- 
speed data transfer if the cache memories a r e increased 
in number and divided into plural banks in order to 
enhance the hit rate of the cache memories in the shared 
sense amplifier configuration with high configuration effi- 
ciency. 
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In the conventional DRAM, the enhancement of the 
hit rate and the high-speed data transfer are incompati- 
ble to achieve the shared sense amplifier configuration 
or the sense amplifier cache memory system in a small 
area. 5 

The present invention has been developed in order 
to resolve the above problems. An object of the invention 
is to provide a dynamic type memory capable of enhanc- 
ing the hit rate of a cache memory and increasing the 
speed of data transfer by shortening data paths formed 10 
in a chip when a shared sense amplifier configuration 
and a sense amplifier cache memory system are 
achieved in a small area. Another object of the invention 
is to provide a high-performance, low-cost dynamic type 
memory having the advantages of both a shared sense 15 
amplifier configuration and a sense amplifier cache 
memory system. 

According to the present invention, there is provided 
a dynamic type memory of a shared sense amplifier 
structure comprising: 2 o 

a plurality of memory cell blocks arranged in a 
second direction on a semiconductor chip, each consti- 
tuting a memory cell bank and including a plurality of sub 
arrays in a form of division of a memory cell array and a 
plurality of sense amplifiers used as cache memories.. 25 
the sub arrays and the sense amplifiers being alternately 
arranged in a first direction perpendicular to the second 
direction, with one of the sense amplifiers being on each 
end of an arrangement of the sub arrays and the sense 
amplifiers, each of the sub arrays having a plurality of 30 
dynamic type memory cells arranged in a matrix, a plu- 
rality of word lines each connected to those of the mem- 
ory cells which are in a row and a plurality of bit lines 
each connected to those of the memory cells which are 
in a column, each of the sense amplifiers including a plu- 35 
rality of amplifier circuits connected to the bit lines, each 
of the amplifier circuits for sensing and amplifying a 
potential read out from a memory cell when a corre- 
sponding bit line is selected; 

a plurality of data lines provided to the sub arrays, 40 
the data lines being arranged on the semiconductor chip 
and extending in the second direction, each of the data 
lines for transferring data sensed and amplified by an 
amplifier circuit of a sense amplifier of a corresponding 
sub array, the bit line connected to which amplifier circuit 45 
is selected; and 

a plurality of input/output pads provided to the sub 
arrays of the banks, the input/output pads being in an 
arrangement in the first direction on the semiconductor 
chip, the arrangement being located in one side of the so 
memory cell array. 

The dynamic type memory of the present invention 
may further comprise a plurality of data buffer circuits 
provided to the sub arrays of the memory blocks, each 
for amplifying data transferred via a corresponding data 55 
line of a corresponding sub array, the data buffer circuits 
being in an arrangement in the first direction on the sem- 
iconductor chip and a plurality of multiplexers being in an 
arrangement in the first direction on the semiconductor 



chip, the arrangement of the multiplexers being between 
the arrangement of the input/output pads and the 
arrangement of the data buffer circuits which are closest 
to input/output pads, each of the multiplexers being con- 
nected to a corresponding sub array of each of the banks. 

Alternatively, the dynamic type memory of the 
present invention may comprise a plurality of data buffer 
and multiplexer circuits arranged in the first direction on 
the semiconductor chip, an arrangement of the data 
buffer and multiplexer circuits being between the 
arrangement of the input/output pads and that of the 
memory blocks which are closest to the input/output 
pads. 

It is desirable in the dynamic type memory of the 
present invention that those of the data lines which are 
provided to the sub arrays of one of the memory blocks 
are arranged over the sense amplifiers of another of the 
memory blocks which is nearer to the input/output pads 
than the one memory block. 

It is also desirable in the dynamic type memory of 
the present invention that those of the data lines which 
are provided to the sub arrays of one of the memory 
blocks have a size larger than that of those of the data 
lines which are provided for sub arrays of another of the 
memory blocks which is nearer to the input/output pads 
than the one memory block. 

It is further preferable in the dynamic type memory 
of the present invention that each of the sense amplifiers 
is shared in a time division manner by two of the sub 
arrays adjacent thereto. 

In the present invention, a plurality of memory blocks 
each having a shared sense amplifier configuration are 
arranged as a plurality of banks along the second direc- 
tion of a memory chip which is perpendicular to the first 
direction in which sub arrays and sense amplifiers are 
arranged alternately. Thus, a sense amplifier cache 
memory system in which the sense amplifiers are used 
as cache memories, can be adopted. 

Since, in this case, each of multiplexers is connected 
to a plurality of data lines of corresponding sub arrays of 
different banks, data of the banks can be multiplexed and 
data of each bank can be read out independently. Sine 
each bank has data paths connected to all I/O pads, the 
hit rate of the cache memories can be increased. 

The sense amplifiers perform their operations (e.g., 
sensing, latching and equalizing operations) at the same 
timing, while the sense amplifiers, which correspond to 
the sub arrays standing by for access, are set to keep 
holding the data sensed so far. The capacity of the cache 
memories can thus be increased, as can be the hit rate 
thereof. 

While all the data lines extend in parallel to the sec- 
ond direction of the memory chip : the multiplexers and 
I/O pads are arranged locally on one side of the memory 
chip in the first direction which is perpendicular to the 
second direction. 

As described above, since the data lines, multiplex- 
ers and I/O pads are arranged with efficiency, the data 
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paths formed in the memory chip are shortened, with the 
result that data can be transferred at high speed. 

The sub arrays and sense amplifiers are arranged 
alternately, one of the sense amplifiers is iocated at each 
end of each memory block, and one sense amplifier 
interposed between two sub arrays is time-divisionally 
used by the two sub arrays. The DRAM having such an 
efficient shared sense amplifier configuration can thus 
be achieved in a small area. 

Consequently, according to tne present invention, a 
high-performance, low-cost DRAM having the advan- 
tages of both the shared sense amplifier configuration 
and sense amplifier cache memory system, can be 
attained. 

This invention can be more fully understood from the 
following detailed description when taken in conjunction 
with the accompanying drawings, in which: 

FIG. 1 is a view of the arrangement of sub arrays, 
sense amplifiers, DQ buffers, multiplexers and I/O 
pads in a chip of a DRAM according to a first embooS 
iment of the present invention; 
FIG. 2 is a circuit diagram showing part of the 
arrangement of FIG. 1 including two sub arrays, one 
sense amplifier and one DQ buffer; 
FIG. 3 is a view of the arrangement of sub arrays, 
sense amplifiers, DQ buffers, multiplexers and I/O 
pads in a chip of a DRAM according to a second 
embodiment of the present invention; 
FIG. 4 is a circuit diagram of a shared sense ampli- 
fier according to a shared sense amplifier configu- 
ration of a conventional DRAM, 
FIG. 5 is a view of an example of the shared sense 
amplifier configuration of the conventional DRAM; 
FIG. 6 is a view of another example of the shared 
sense amplifier configuration of the conventional 
DRAM; 

FIG. 7 is a view of the arrangement of sense ampli- 
fiers and sub arrays in a system for activating the 
sub arrays to increase the capacity of cache mem- 
ories when a sense amplifier cache system is 
applied to the conventional DRAM; 
FIG. 8 is a view of the arrangement of sense ampli- 
fiers and sub arrays in two banks into which a shared 
sense amplifier configuration is divided when a lat- 
eral-direction array division system is applied to the 
conventional DRAM; and 

FIG. 9 is a partial pattern view of the arrangement 
shown in FIG. 3. 

Embodiments of the present invention will now be 
described with reference to the accompanying drawings. 

FIG. 1 shows an example of the arrangement of sub 
arrays 11. sense amplifiers (SA) 12. data buffers (DQ) 
1 4, multiplexers (MPX) 1 5 and input/output pads (I/O) 1 6 
of a memory cell array of a memory chip 1 of a DRAM 
according to a first embodiment of the present invention, 
and FIG. 2 shows part of the arrangement of FIG. 1 which 
includes two sub arrays 11. one sense amplifier 12 and 



one data buffer 14. Referring to FIG. 1, a plurality of 
memory blocks 1 0 (two memory blocks 1 0 in this embod- 
iment) of a shared sense amplifier configuration each 
include sub arrays 1 1 and sense amplifiers 1 2 which are 

5 arranged alternately in a first direction X of the chip 1 (in 
the lateral direction of FIG. 1). It is sense amplifiers 12 
that located at both ends of each memory block 10. One 
sense amplifier 12 is used time-divisionally by two sub 
arrays 11 interposing the sense amplifier 12, which 

io means the shared sense amplifier configuration. Such a 
configuration has been described above with reference 
to, for example, FIG. 4. 

The memory blocks 10 are arranged in a second 
direction Y (in the longitudinal direction) which is perpen- 

15 dicular to the first direction X. Thus, the DRAM is con- 
trolled as a plurality of banks (two banks in this 
embodiment) corresponding to the blocks. The banks 
are designated (selected) in response to a decoded sig- 
nal of a bank address. 

20 As illustrated in FIG. 2, each of the sub arrays 1 1 
includes an array of dynamic memory cells MC arranged 
in matrix, a plurality of word lines WL(WL1, WL2, ..^con- 
nected to the memory cells MC on their respective rows, 
and a plurality of bit lines BL (BL1 , BL2, ...) connected to 

25 the memory cells MC on their respective columns. Each 
of the word lines WL is selected by a row decoder 21 for 
decoding a row address, while each of the bit lines BL is 
selected by a column seleciion circuit (not shown) in 
response to a decoded signal output from a column 

30 decoder (not shown) for decoding a column address, 
with the result that one memory cell MC is selected. The 
memory cells MC of each sub array are therefore 
selected by sequentially selecting the row and column 
addresses. 

35 The sense amplifiers 12, which are operated at the 
same timing, amplifies the potential read out from mem- 
ory cells MC of a selected row in the accessed sub array 
11, and continue holding the data sensed so far (stand- 
ing by to output) in the sub array 11 standing by for 

40 access. In this way, the sense amplifiers are employed 
as cache memories. 

To continue holding the sensed data, a circuit has 
only to be formed to allow control signals /SAN and SAP 
for activating tne sense amplifier circuits, as shown in 

45 FiG. 4, to remain activated. 

A plurality of data lines 13 are formed for the corre- 
sponding sense amplifiers 12 in parallel with the second 
direction Y of the memory chip l and used to transfer 
that data of a sejected column which is stored in the 

50 sense amplifiers 1 2. Of the data lines 1 3 of two different 
banks 10 as shown in FIG. 1, data lines 13 extending 
from the bank located far from the I/O pads 1 6. pass over 
the sense amplifiers 1 2 of the other bank located near to 
the I/O pads. 

55 The I/O pads 1 6 are common to the plural banks 1 0 
and arranged on one side of the memory cell array in 
parallel with the first direction X of the memory chip. Data 
is input/output to/from the I/O pads 16 and their corre- 
sponding sub arrays 1 1 through the data lines 13. 
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The data buffers (DQ buffers) 14 are arranged on 
one side of each block, which is near to the I/O pads 1 6, 
in parallel with the first direction X, so as to correspond 
to the sub arrays 1 1 . These data buffers are inserted 
between the data lines 13 and I/O pads 16 to amplify 5 
data supplied from the corresponding sub arrays 11. 

As illustrated in FIG. 1, the multiplexers 15 are 
arranged between the data buffers 14 and I/O pads 16 
in parallel with the first direction X and each connected 
to the corresponding two data buffers 1 4 of the two banks io 
10 through the corresponding data lines 13. These mul- 
tiplexers selectively extract data from the banks 10. 

It is not desirable that the data lines 13 of the two 
banks 10 are connected directly to each other, since a 
load capacity of the data lines 13 is increased, as is a 15 
delay in data transfer. 

In this embodiment, therefore, the multiplexers 15 
are each constituted by switching elements (e.g., MOS 
transistors) connected in series between the corre- 
sponding I/O pad 16 and data lines 13 of the different 20 
banks, with the result that data can be input/output selec- 
tively to/from the different banks. 

Furthermore, in the sense amplifier cache memory 
system, as disclosed in Japanese Patent Application No. 
4-131 095. each of the sub arrays includes a register 26 25 
for holding a row address (corresponding to a selected 
row) and a comparator 27 for comparing the row address 
held in the register 26 with a new row address. 

When a sub array is supplied with an access request 
and a row address, the comparator 27 compares the two 30 
row addresses described above. If they coincide with 
each other, the comparator outputs a hit signal, and data 
of a column corresponding to a column address is output 
without any operation of the rows. If they do not coincide, 
it outputs a mishit signal, and the register 26, word line 35 
and sense amplifier are reset and then the new row 
address is set in the register circuit 26. The rows are 
operated in accordance with the new row address held 
in the register circuit 26. The sub array is supplied again 
with an access request and a row address to determine 40 
whether a hit or a mishit occurs. In the case of hit, data 
of a column corresponding to a column address is read 
out without any operation of the rows. The above oper- 
ations are performed in the plurality of sub arrays 1 1 by 
sequentially supplying the sub arrays 1 1 with an access 45 
request. In each of the sub arrays 11, only the row in 
which a mishit occurs can be selected and thus all the 
rows need not be selected every time a mishit occurs. 

The data lines 13 of the bank located far from the 
I/O pads 16 are longer than those of the bank located so 
near to the I/O pads. It is thus desirable that the former 
data lines be made thicker than the latter ones in order - 
to make the wiring resistances of the former and latter 
data lines 13 approximately equal to each other by sup- 
pressing an increase in the wiring resistance of the 55 
former data lines. 

In the foregoing DRAM of the first embodiment, the 
memory blocks 10 each having the shared sense ampli- 
fier configuration are arranged as two banks in the direc- 
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tion Y which is perpendicular to the direction X in which 
the sub arrays 1 1 and sense amplifiers 12 are arranged 
alternately. Thus, sense amplifier cache memory system 
using the sense amplifiers as cache memories can be 
applied to the DRAM. 

Since one multiplexer 15 is connected to two data 
buffers 14 of the corresponding sub arrays 1 1 of the dif- 
ferent two banks, data of these banks can be multiplexed 
and data of each bank can be read independently. Sine, 
moreover, each bank has data paths connected to all the 
I/O pads 16, the hit rate of the cache memories can be 
increased. 

The sense amplifiers 12 perform their operations 
(e.g., sensing, latching and equalizing operations) at the 
same timing, and the sense amplifiers 12, which corre- 
spond to the sub arrays standing by for access, are set 
to keep holding the data sensed so far. Therefore, the 
capacity of the cache memories can be increased, as 
can be the hit rate thereof. 

While all the data lines 13 extend in parallel to the 
second direction Y of the memory chip, the multiplexers 
1 5 and I/O pads 1 6 are arranged on one side of the mem- 
ory cell array in parallel with the first direction X. 

As described above, since the data lines 13. multi- 
plexers 15 and I/O pads 16 are arranged with efficiency, 
the data paths formed in the memory chip are shortened, 
with the result that data can be transferred at high speed. 

The sub arrays 11 and sense amplifiers 12 are 
arranged alternately to constitute a memory block, one 
of the sense amplifiers is located at each end of the mem- 
ory block, and one sense amplifier 12 interposed 
between two sub arrays 1 1 is time-divisionally used by 
the two sub arrays 11. Since the DRAM of the first 
embodiment has such an efficient shared sense ampli- 
fier configuration, it can be achieved in a small area. 

Consequently, according to the first embodiment, a 
high-performance, low-cost DRAM having the advan- 
tages of both the shared sense amplifier configuration 
and sense amplifier cache memory system, can be 
achieved. 

FIG. 3 shows an example of the arrangement of sub 
arrays 11, sense amplifiers 1 2, data buffers/multiplexers 
3 1 and input/output pads 1 6 of a memory chip of a D RAM 
according to a second embodiment of the present inven- 
tion. 

The second embodiment differs from the first 
embodiment in that the data buffers/multiplexers 31 are 
employed in place of the data buffers 1 4 and multiplexers 
1 4 of the first embodiment. The data buffers/multiplexers 
31 are interposed between the I/O pads "»6 and their 
adjacent memory block 10 and arranged in parallel with 
the first direction X of the memory chip. Each of the data 
buffers/multiplexers 31 is connected to a plurality of data 
lines 13 of the corresponding sub arrays 1 1 of different 
banks to selectively amplify and extract the data output 
from the banks. The elements other than the data buff- 
ers/multiplexers 31 are the same as those of the first 
embodiment and thus denoted by the same reference 
numerals. 
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Specifically, a plurality of memory blocks 10 (two 
memory blocks 1 0 in this embodiment) of a shared sense 
amplifier configuration each include sub arrays 11 and 
sense amplifiers 12 which are arranged alternately in a 
first direction X of the chip 1 (in the lateral direction of 5 
FIG. 3). It is sense amplifiers 1 2 that located at both ends 
of each memory block 10. One sense amplifier 12 is used 
time-divisionally by two sub arrays 11 interposing the 
sense amplifier 12, which means the shared sense 
amplifier configuration Such a configuration has been w 
described above with reference to, for example, PIG. 4. 

The memory blocks 10 are arranged in a second 
direction Y (in the longitudinal direction) which is perpen- 
dicular to the first direction X. Thus, the DRAM is con- 
trolled as a plurality of banks (two banks in this 15 
embodiment) corresponding to the blocks. The banks 
are designated (selected) in response to a decoded sig- 
nal of a bank address. 

As illustrated in FIG. 2, each of the sub arrays 1 1 
includes an array of dynamic memory cells MC arranged 20 
in matrix, a plurality of word lines WL (WL1 , WL2, ...) con- 
nected to the memory cells MC on their respective rows, 
and a plurality of bit lines BL (BL1 , BL2, ...) connected to 
the memory cells MC on their respective columns. Each 
of the word lines WL is selected by a row decoder 21 for 25 
decoding a row address, while each of the bit lines BL is 
selected by a column selection circuit (not shown) in 
response to a decoded signal output from a column 
decoder (not shown) for decoding a column address, 
with the result that one memory cell MC is selected. The 30 
memory cells MC of each sub array are therefore 
selected by sequentially selecting the row and column 
addresses. 

The sense amplifiers 12, which are operated at the 
same timing, ampl.f ies the potential read out from mem- 35 
ory cells MC of a selected row in the accessed sub array 
1 1 , and continue holding the data sensed so far (stand- 
ing by 'to output) in the sub array 11 standing by for 
access. In this way, the sense amplifiers are employed 
as cache memories. *o 

To continue holding the sensed data, a circuit has 
only to be formed to allow control signals /SAN and SAP 
for activating the sense amplifier circuits, as shown in 
FIG. 4, to remain activated. 

A plurality of data lines 1 3 are formed for the corre- 45 
sponding sense amplifiers 1 2 in parallel with the second 
direction Y of the memory chip 1 and used to transfer 
that data of a selected column which is stored in the 
sense amplifiers 12. Of the data lines 13 of two airferent 
banks 10 as shown in FIG. 3, data lines 13 extending so 
from the bank located far from the I/O pads 1 6, pass over 
the sense amplifiers 1 2 of the other bank located near to 
the I/O pads. FIG. 9 is a partial pattern view of the 
arrangement of FIG. 3, in which the data line 13 extend- 
ing from the far located bank and the data line 13 extend- 55 
ing from the near located bank are formed on the same 
insulation film. The data line 13 extending from the far 
located bank passes over the sense amplifier region of 
the near located bank. 



The I/O pads 16 are common to the plural banks 10 
and arranged on one side of the memory cell array in 
parallel with the first direction X of the memory chip. Data 
is input/output to/from the I/O pads 16 and their corre- 
sponding sub arrays 1 1 through the data lines 13. 

The data buffers/multiplexers 31 are interposed 
between the I/O pads 16 and their adjacent memory 
block 10 and arranged in parallel with the first direction 
X of the memory chip. Each of the data buffers/multiplex- 
ers 31 is connected to a plurality of data lines 13 of the 
corresponding sub arrays 1 1 of different banks to selec- 
tively amplify and extract the data output from the banks. 

It is not desirable that the data lines 13 of the two 
banks 10 are connected directly to each other, since a 
load capacity of the data lines 13 is increased, as is a 
delay in data transfer. 

In this embodiment, therefore, the multiplexer por- 
tions are each constituted by switching elements (e.g., 
MOS transistors) connected in series between the cor- 
responding I/O pad 16 and aata lines 13 of the different 
banks, with the result that data can be input/output selec- 
tively to/from the different banks. 

Furthermore, in the sense amplifier cache memory 
system, as disclosed in Japanese Patent Application No. 
4-131095, each of the sub arrays includes a register 26 
for holding a row address (corresponding to a selected 
row) and a comparator 27 for comparing the row address 
held in the register 26 with a new row address. 

When a sub array is supplied with an access request 
and a row address, the comparator 27 compares the two 
row addresses described above. If they coincide with 
each other, the comparator outputs a hit signal, and data 
of a column corresponaing to a column address is output 
without any operation of the rows. If they do not coincide, 
it outputs a mishit signal, and the register 26, word line 
and sense amplifier are reset and then the new row 
address is set in the register circuit 26. The rows are 
operated in accordance with the new row address held 
in the register circuit 26. The sub array is supplied again 
with an access request and a row address to determine 
whether a hit or a mishit occurs. In the case of hit, data 
of a column corresponding to a column address is read 
out without any operation of the rows. The above oper- 
ations are performed in the plurality of sub arrays 1 1 by 
sequentially supplying the sub arrays 1 1 with an access 
request. In each of the sub arrays 1 1 , only the row in 
which a mishit occurs can be selected and thus all the 
rows need not be selected every time a mishit occurs. 

In the foregoing DRAM of the second embodiment 
(FIG. 3), the memory blocks 10 each having the shared 
sense amplifier configuration are arranged as two banks 
in the direction Y which is perpendicular to the direction 
X in which the sub arrays 1 1 and sense amplifiers 1 2 are 
arranged alternately. Thus, sense ampi'rf ier cache mem- 
ory system using the sense amplifiers as cache memo- 
ries can be applied to the DRAM. 

Since one data buffer/multiplexer 31 is connected to 
the corresponding sub arrays 1 1 of the different two 
banks, data of these banks can be multiplexed and data 
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of each bank can be read independently. Sine, moreover, 
each bank has data paths connected to all the I/O pads 
1 6, the hit rate of the cache memories can be increased. 

The sense amplifiers 12 perform their operations 
(e.g., sensing, latching and equalizing operations) at the 
same timing, and the sense amplifiers 12, which corre- 
spond to the sub arrays standing by for access, are set 
to keep holding the data sensed so far. Therefore, the 
capacity of the cache memories can be increased, as 
can be the hit rate thereof. 

While all the data lines 13 extend in parallel to the 
second direction Y of the memory chip, the data buff- 
ers/multiplexers 31 and I/O pads 16 are arranged on one 
side of the memory cell array in parallel with the first 
direction X. 

As described above, since the data lines 13, data 
buffers/multiplexers 15 and I/O pads 16 are arranged 
with efficiency, the data paths formed in the memory chip 
are shortened, with the result that data can be trans- 
ferred at high speed. 

The sub arrays 11 and sense amplifiers 12 are 
arranged alternately to constitute a memory block, one 
of the sense amplifiers is located at each end of the mem- 
ory block, and one sense amplifier 12 interposed 
between two sub arrays 1 1 is time-divisionally used by 
the two sub arrays 11. Since the DRAM of the first 
embodiment has such an efficient shared sense ampli- 
fier configuration, it can be achieved in a small area. 

Consequently, according to the second embodi- 
ment, a high-performance, low-cost DRAM having the 
advantages of both the shared sense amplifier configu- 
ration and sense amplifier cache memory system, can 
be achieved. 

The data lines 13 of the bank located far from the 
I/O pads 16 are longer than those of the bank located 
near to the I/O pads. It is thus desirable that the former 
data lines be made thicker than the latter ones in order 
to make the wiring resistances of the former and latter 
data lines 13 approximately equal to each other by sup- 
pressing an increase in the wiring resistance of the 
former data lines. 

The D RAM of the second embodiment is abl e to per- 
form the same operation as that of the DRAM of the first 
embodiment and produce substantially the same advan- 
tage as that of the DRAM of the first embodiment. 

In the aforementioned DRAM of the present inven- 
tion, when a small-area or small-sized memory chip hav- 
ing both a shared sense amplifier configuration and a 
sense amplifier cache memory system is formed, the hit 
rate of the cache memories can be increased, and data 
can be transferred at high speed by shortening the data 
paths in the memory chip. In other words, the DRAM of 
the present invention is capable of having the advan- 
tages of both the shared sense amplifier configuration 
and sense amplifier cache memory system. 



Claims 

1 . A dynamic type memory of a shared sense amplifier 
structure comprising: 

s a plurality of memory cell blocks (10) 

arranged in a second direction on a semiconductor 
chip (1), each constituting a memory cell bank and 
including a plurality of sub arrays (1 1) in a form of 
division of a memory cell array and a plurality of 

10 sense amplifiers (12) used as cache memories, the 
sub arrays and the sense amplifiers being alter- 
nately arranged in a first direction perpendicular to 
said second direction, with one of the sense ampli- 
fiers being on each end of an arrangement of the 

is sub arrays and the sense amplifiers, each of said 
sub arrays having a plurality of dynamic type mem- 
ory cells (MC) arranged in a matrix, a plurality of 
word lines (WL1, WL2, ...) each connected to those 
of the memory cells which are in a row and a plurality 

20 of bit lines (BL1, BL2, ...) each connected to those 
of the memory cells which are in a column, each of 
the sense amplifiers including a plurality of amplifier 
circuits connected to the bit lines, each of the ampli- 
fier circuits for sensing and amplifying a potential 

25 read out from a memory cell when a corresponding 
bit line is selected; 

a plurality of data lines (13) provided to said 
sub arrays, the data lines being arranged on said 
semiconductor chip and extending in said second 

30 direction, each of the data lines for transferring data 
sensed and amplified by an amplifier circuit of a 
sense amplifier of a corresponding sub array, the bit 
line connected to which amplifier circuit is selected; 
and 

35 a plurality of input/output pads (1 6) provided 

to the sub arrays of the banks, the input/output pads 
being in an arrangement in said first direction on said 
semiconductor chip, the arrangement being located 
in one side of said memory cell array. 

40 

2. A dynamic type memory according to claim 1 , char- 
acterized by further comprising a plurality of data 
buffer circuits (14) provided to the sub arrays of said 
memory blocks, each for amplifying data transferred 

45 via a corresponding data line of a corresponding sub 
array, the data buffer circuits being in an arrange- 
ment in said first direction on said semiconductor 
chip and a plurality of multiplexers (15) being in an 
arrangement in said first direction on said semicon- 

so ductor chip, the arrangement of the multiplexers 
being between said arrangement of the input/output 
pads and the arrangement of the data buffer circuits 
which are closest to input/output pads, each of the 
multiplexers being connected to a corresponding 

55 sub array of each of said banks. 



3. A dynamic type memory according to claim 1 , char- 
acterized by further comprising a plurality of data 
buffer and multiplexer circuits (31) arranged in said 
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first direction on said semiconductor chip, an 
arrangement of said data buffer and multiplexer cir- 
cuits being between said arrangement of the 
input/output pads and that of said memory blocks 
which are closest to the input/output pads. 5 

4. A dynamic type memory according to claim 1 , char- 
acterized in that those of said data lines which are 
provided to the sub arrays of one of said memory 
blocks are arranged over the sense amplifiers of io 
another ot said memory blocks which is nearer to 
said input/output pads than said one memory block. 

5. A dynamic type memory according to claim 2, char- 
acterized in that those of said data lines which are 15 
provided to the sub arrays of one of said memory 
blocks are arranged over the sense amplifiers of 
another of said memory blocks which is nearer to 
said input/output pads than said one memory block. 

20 

6. A dynamic type memory according to claim 3, char- 
acterized in that those of said data lines which are 
provided to the sub arrays of one of said memory 
blocks are arranged over the sense amplifiers of 
another of said memory blocks which is nearer to 25 
said input/output pads than said one memory block. 

7. A dynamic type memory according to claim 1 , char- 
acterized in that those of said data lines which are 
provided to the sub arrays of one of said memory 30 
blocks have a size larger than that of those of the 
data lines which are provided for sub arrays of 
another of said memory blocks which is nearer to 
said input/output pads than said one memory block. 

35 

8. A dynamic type memory according to claim 2, char- 
acterized in that those of said data lines which are 
provided to the sub arrays of one of said memory 
blocks have a size larger than that of those of the 
data lines which are provided for sub arrays of 40 
another of said memory blocks which is nearer to 
said input/output pads than said one memory block. 

9. A dynamic type memory according to claim 3, char- 
acterized in that those of said data lines which are 45 
provided to the sub arrays of one of said memory 
blocks have a size larger tnan that of those of the 
data lines whicn are provided for sub arrays of 
another of said memory blocks which is nearer to 
said input/output pads than said one memory block. 50 

1 0. A dynamic type memory according to claim 1 , char- 
acterized in that each of the sense amplifiers is 
shared in a time division manner by two of the sub 
arrays adjacent thereto. 55 
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